Abstract. The lack of systematic experimental checks on the intermediate-energy nuclear model simulations of heavily ionizing recoils from nucleon-nucleus collisions -critical inputs for the Single Event Effect analysis of microelectronics and dosimetry calculations including high-LET components in the cancer tumor radiation therapy -has been a primary motivation for a new experiment planned at the CELSIUS nuclear storage ring of The Svedberg Laboratory, Uppsala, Sweden. Details of the experiment and the first results from a feasibility study are presented here.
INTRODUCTION
The importance of cosmic radiation induced Single Event Effects (SEEs) in space electronics has been known for a long time. In the last two decades, the impact of SEEs has also been recognized by the microelectronics industry that focuses on terrestrial applications [1, 2] . Though the fundamental nuclear physics related to SEEs is generally understood [3] , the quantitative predictions of the SEE impacts need to be worked out in detail for each new technology. The microscopic origin of SEEs is always traced down to the energy deposition from ionizing particles in a small, sensitive volume. The charge released along an ionizing particle track is collected by a sensitive node, and the resulting transient current, depending on the specific structure of the underlying device, may cause a change of state in the circuit. Experimental measurements and theoretical simulations of the heavy recoils from nucleon-nucleus reactions are particularly important since the energy deposited by heavy recoils is a major source of secondary radiation. Another technologically important motivation for recoil studies is the microdosimetry applications in proton-beam cancer therapy and radiobiology. Recoil energy deposition in micro-volumes is a key problem common to all these apparently different fields [4] .
High-quality nuclear reaction data are essential: SEE simulations and radiobiological microdosimetry calculations require certain nuclear data as inputs. While in the past much effort has been devoted to the study of light particle emission (e.g., H and He isotopes) in intermediate-energy inelastic proton-nucleus collisions, very few experiments [5] have been done to study the characteristics of slow recoils and especially to the yields and energy spectra of stable heavy recoils (e.g., Al, Mg, etc.) -which are most effective in causing single-event upsets (SEUs) in silicon chips. Notable exceptions are found in [5] and [6] , in which some early recoil measurements are reported. In radiobiology, up until now, there are few detailed studies of secondary radiation effects from heavy recoils. A major experimental difficulty in recoil work is that of identification of the heavy fragmentswhich have short ranges (of the order of 10 um or less) -among other lighter reaction products in a standard setup in which the Si target is at rest in the laboratory system. The lack of direct measurements of recoil spectra (in the form of double differential cross sections) renders it difficult to make systematic checks on the standard nuclear reaction codes [3, [7] [8] [9] . Presently these reactions codes are indispensable research tools in the studies of SEE and radiobiological problems.
EXPERIMENTAL SETUP AT CELSIUS
An experimental setup has been developed at The Svedberg Laboratory (TSL), Uppsala, Sweden, to measure the production of recoil ions, using an inverse kinematics scheme. The setup is built at the CELSIUS nuclear accelerator and storage facility of TSL (see Fig. 1 ). It consists of four detector systems designed for the registration of reaction products emitted in collisions of 100-470A MeV Si ions with atoms of the internal hydrogen cryogenic cluster-jet target of CELSIUS. Secondary particles are registered simultaneously by the Small Angle Detector (SAD), Forward Wall Detector (FWD), Zero Angle Detector (ZAD), and the Spectator Tagging Detector (STD). SAD plays a key role in the present research project since it detects the nuclear fragments -recoils of Si and the secondary particles -all of which are capable of causing SEUs in microelectronic devices.
The Small Angle Detector (SAD) detects fragments of the Si ions emitted at angles 0.6 o -1.1 o from the intersection point of the stored ion beam with the cluster-jet target of CELSIUS. Here the unique features of the CELSIUS cooled beam are fully exploited. During the injection-acceleration cycle, the beam occupies the whole volume of the CELSIUS vacuum chamber; only after the beam has been cooled that it shrinks to 2 mm. To prevent the SAD detectors from radiation damage they are moved out during the beam injection and are moved back to the working position only when the beam has finally formed. SAD consists of a telescope with two 300-um custom-made silicon strip detectors (SSD) and a 5-mm-thick plastic scintillator (see Fig. 2 ). The first SDD has circular and the second radial strips, with a total 16 of each type. Plastic scintillators are used as triggers of the readout cycle and for timing. The position of the particle registered simultaneously by both detectors is derived from the circular and radial strip numbers that identify one of the 512 pixels of SAD; the charge of the recoil is identified from SAD SSD pulse amplitude analysis. The Zero Angle Detector (ZAD) is also a telescope made up of silicon strip detectors and plastic scintillator. Here we take the advantage of the technique developed at TSL [10] and use the quadrant after the cluster-jet target of CELSIUS as a magnetic spectrometer. ZAD is positioned at 22757 mm from the target, at the focal plane of the spectrometer [11] . As distinct from SAD, strips of ZAD make up the 32x32 rectangular net. Vertical strips of one of ZAD SSDs are used to register projectile fragments, identify the charge (Z), and determine the position (X) of the hit point with respect to the nominal beam centerline. Electronic schemes of SAD and ZAD are identical. The Forward Wall Detector (FWD) [12] is used for the detection of light secondaries (A<5) emitted within the polar angle of 3.9 o -11.7 o in coincidence with the recoil registered by SAD.
We plan to use the Spectator Tagging Detector (STD) [13] or the CHICSi detector [14] tagging the spectator-protons emitted within 60 o -120 o . Figure 3 shows the results of a feasibility study. Recently, the combined SAD-FWD setup has been commissioned in the experiment with 100A MeV and 300A MeV Ne beam bombarding cluster-jet target of hydrogen atoms. Figure 4 demonstrates the typical charge resolution in radial (l.h.s.) and circular (r.h.s.) SSDs obtained within a single pixel of SAD. Charge identification of recoils is performed within 10 -3 msrad solid angle. Production yields of recoils have been measured in coincidence with hydrogen and helium secondary nuclei registered by the FWD. The first production experiment run on the Si+p reaction is scheduled for November 2004. All detectors described in this paper will be used in this experiment. 
EXPERIMENTAL RESULTS

